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SUMMARY PAGE
THE PROBLEM

The purpose of this experiment was to study the influence of otolith and nonotolith
information in the perception of the visual horizontal during rotation. Five normal men
and five men with defective labyrinthine function acted as observers, All measurements
were made in a room which could be rotated. Initial, static measurements were made
while the men stood erect in the stationary room, Similar measurements were made during
rotation while the observer stood on a platform set to the resultant horizontal with head
and body aligned with resultant force. Data were also obtained with three other combina-
tions of head and body position. This procedure was designed to produce two situations
for the normal men in which otolith and nonotolith information were synergistic and three
others in which they were antagonistic.

FINDINGS

The results showed that the perception of the visual horizontal during rotation in this
situation is quite different from that found when the observer is rigidly supported in a
chair during rotation. Settings to the visual horizontal during rotation were not systemati-
cally related to differences in head and body position nor were there significant differences
between the normal and L-D men. The results show that nonotolith information predomi-
nates in this experimental situation. Furthermore, the data suggest that the spatial
orientation of a pilot strapped in a cockpit may be somewhat different from his spatial
orientation when he is standing on a rotating space platform.




INTRODUCTION

The purpose of this study was to investigate the role of otolith and nonotolith gravi-
receptors in the perception of the visual horizontal in darkness when observers stood on a
rotating platform. It was hoped that the results would shed some light on the confribution
of the nonotolith gravireceptors in the perception of the visual horizontal in normal and
labyrinthine defective (L-D) men. It is well known that normal and L-D men show signifi-
cant differences in such phenomena as counterrolling (1), the oculogravic illusion (2,3),
and their perception of motion on a parallel swing (4). At the same time it is also well
known that L-D men con compensate for the loss of vestibular function in certain situations.
For example, Clark and Graybiel (5) have shown that in a series of 30 successive settings
to the postural vertical both normal and L-D men made systematic improvement. The
normal men showed smaller average errors, but the differences were small, particularly
after 15 trials, and were not statistically significant. Specifically, the present study
compares the performance of normal and L-D men with various head and body positions to
determine their influence on the perception of the visual horizontal.

PROCEDURE

OBSERVERS

Five normal and five deaf L-D observers were studied. The normal men were medical
students who showed normal responses o caloric stimulation (6) and to an ataxia test (7).
The L-D observers had acquired their bilateral deafness in childhood as a sequelae of
meningitis and showed abnormal responses to the caloric and ataxia tests. All of the men
hod had experience in making observations in rotating devices and with the goggle device
used fo measure the perception of the visual horizontal.

APPARATUS

The experiment was conducted on the Coriolis Acceleration Platform, a slow rotation
room in which it is possible to rotate observers for prolonged periods. The room is a
circular, windowless room 20 feet in diameter and 10 feet high without central supporting
members. It has a direct motor drive and the capability of controlled angular accelerations
at rates up to 15 degrees per second either in a clockwise or counterclockwise direction
although in this experiment it rotated only counterclockwise. Angular velocities up to
35 rpm may be maintained with an accuracy of plus or minus one per cent, It is capable
of carrying a payload of about 9000 pounds, and up fo ten persons may participate in an
onboard experiment. It is well instrumented and has provision for a wide variety of
laboratory equipment and living facilities. The operations required in this experiment
were well within the limits of the device.




All of the observations were made with observer's head 7.5 feet from the center of
rotation of the room and ot a velocity of approximately 11.9 rpm counterclockwise. This
produced achange in the direction of resultant force of 20 degrees at the observer's head.
He stood facing the direction of rotation (and for a second series opposite the direction
of rotation) on a platform tilted upward 20 degrees from the floor on the outboard side of
the room. As a result, when he stood erect he encountered no difficulty in standing,
and the resultant force acted directly from head to feet. Thus, during rotation, he stood
comfortably erect on the platform with his body weight slightly greater than normal.

The observer's task was to set a collimated, red, luminous line to the perceived
horizontal. He viewed the luminous line in a self-contained apparatus mounted in a
goggle which he held snuggly in position before his eyes. The apparatus consisted
essentially of a luminous line which was viewed by the right eye only while the left eye
was in complete darkness. The luminous line could be rotated either clockwise or counter-
clockwise by means of a knurled knob which was easily reached by either the observer or
the experimenter. The digital readout was in degrees deviation from the horizontal axis
of the device itself. The goggle was easily held in place by the observer and a flexible
rubber fitting prevented light leaks under the operating conditions used. Three levels
were used to monitor the alignment of the goggle apparatus, the observer's head and his
body. The first level was located on the goggle itself, the second on a band over his
head, and the third on his back.

METHOD

All measurements were made with observer standing with his head and body in one
of five different positions with respect to gravity. After the room had been maintained
at a constant velocity for one minute, the position of his head and body and the goggle
were set by means of the levels, Each trial was begun by an experimenter who offset the
line from the horizontal, and observer's task was merely to set it to the gravitational
horizontal. Three experimenters were required for every frial. One observed the level
on the observer's back to monitor his body position; a second experimenter monitored
the level on the head and on the goggle and offset the luminous line before each setting;
and the third made and recorded the readings. No setting was recorded unless the
monitors were satisfied that the proper head and body positions were maintained within a
half degree. An attempt was made to make the readings promptly in all #rials because
three of the positions were somewhat uncomfortable to maintain for prolonged periods.
Nevertheless, observer was permitted to take as much time as he felt he needed to make
an accurate setting. The light was turned off while the line was offset, The observers
made five successive settings to the horizontal for each of five conditions facing forward
and then five additional settings facing backward, with an interval of several hours be-
tween the two series. The five combinations of head and body position were: 1, Static
settings were made with observer standing on the floor with head and body erect and with
the room stationary. 1l. Observer made settings to the visual horizontal with both head
and body aligned with resultant force RF) while he stood on the platform set at 20° and




with the room rotating to produce a change of direction of RF from gravity of 20 degrees.
IH. This was the same as Il except that the head and body were aligned with the force
of gravity. IV. This was the same os I, but the body was aligned with RF while the
head was aligned with gravity. V. This was also the same as [l except that the body
was aligned with gravity while the head was aligned with RF.

RESULTS

For the purpose of analysis, all of the data during rotation were computed as devia-
tions from the mean of each observer's settings to gravitational horizontal under static
conditions (Condition 1). The mean of these static observations was considered to be his
point-of-subjective-horizontal for this particular experimental situation although the
deviation of the point-of-subjective-horizontal from the gravitational horizontal in each
case was very small (Table I). Therefore, all of the deviations in Conditions Il to V are
deviations from observer's subjective horizontal using the goggle device rather than from
gravity or resultant force.

An initial analysis of the data was made to determine whether the mean deviations
of the settings while the observer faced forward were significantly different from those
when he faced backward. Comparisons of these observations for all five conditions and
for both groups of observers revealed no significant difference (p>0.05 or greater for all
comparisons) between these two sefs of observations., Consequently, the analysis of the
data (Tables | and 1) is made completely on the basis of the mean of the observations
while observer faced forward and backward.

The combined data for the normal and L-D men and the five conditions (Table 1)
were subjected fo a two-way analysis of variance (B) for repeated measures on the same
elements, and the results are summarized in Table Il. The analysis revealed no signifi-
cant variation between the normal and the L-D observers, but the F wos significant for
the five conditions. The interaction between the two conditions was not significant,
indicating that the profiles for the two groups have the same shape.

Perception of the Visual Horizontal under Static Conditions: When the data for the
first and second series of observations (Condition 1) were combined, the normal men show-
ed a mean deviation of 0,7° counterclockwise from the gravitational horizontal while the
L-D's had a mean deviation of only 0.2° clockwise. Neither of these differed significant-
ly from zero (p >0.10 in each case). Thus, both the normals and L-D's can be said to set
the line to the gravitational horizontal with this goggle device under static conditions
with a very small, insignificant error.
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Table 11

Analysis of Variance Summary Table

Source of Variation Sums of Squares df Mean Square F
Between subjects 9.9 9

A: Normal - L-D 8.6 1 8.6 1.09*
Subjects within groups 62.4 8 7.8

Within groups 561.5 40

B: Body position 317.8 4 79.5 11,9+
A B 28,1 4 7.0 1.0*
Subjects within groups 215.6 32 6.7

*p>0,25

+p<0,01

Perception ef the Visual Horizontal During Rotation: During rotation the mean
settings to the perceived visual horizontal deviated systematically from the resultant
horizontal for Conditions il to V. In each case (Table I) this mean setting, which varied
from 4,0° to 8.5° , was between the resultant horizontal and gravitational horizontal but
much closer to the former. This means that the outboard segment of the line was set below
the resultant horizontal. Specifically, both the normal and the L-D observers set the
luminous line clockwise from the resultant horizontal when they faced forward and
counterclockwise when they faced backward. All of these deviations were statistically
significant from zero (for the normals p<0,001, and for the L-D's p<0.01 for each
comparison). It should also be noted that the L-D men showed a slightly greater
variance (Table 1),

An additional analysis of the significance of the difference among the various combi-
nations of head and body position during rotation revealed that for the normal men
(Table ) there were no significant differences among Conditions Il to V (p>0.05 for all
comparisons). All of these settings deviated significantly from the static settings, but
head and body position did not appear to be determining factors within the limifs of this
experiment, It should be noted in particular that the setting of the luminous line with



head and body aligned with resultant force (Condition Il) was no different from the setting
when the head and body were aligned with the force of gravity in Condition IlI,

Similar results were found for the L-D men with two exceptions. There were no
significant differences between Condition Il and Conditions Il to V nor between Condition
11l and IV (p>0.10 in every case). There were, however, significant differences be-
tween Condition V and Conditions Il and IV (p<0,01 in each case). It should also be
noted that the low mean performance of the L~-D men was predominantly a result of the
settings of one observer who set the line in the opposite sense from the others throughout
his trials while he faced forward, It should also be noted that he had considerable
difficulty maintaining the appropriate body and head positions except when he stood with
head and body aligned with resultant force (Condition Il).

DISCUSSION

The results of the static observations are well known (2,3,9). Both normal and L-D
men made very small errors which did not differ significantly from the gravitational
horizontal. It is of interest o note that the L-D's actually showed a smaller constant
error and a smaller variance than the normals. The static data also show that observa-
tions with the goggle device produce results which are similar to those found with other
devices used to determine the accuracy of the perception of the visual horizontal,

The results during rotation are clear-cut in showing no significant differences be-
tween normals and L-D men in setting a luminous line to the horizontal under the condi-
tions of this experiment. The data suggest that contact information from the feet and
kinesthetic information from the legs and body were adequate for the L-D observers to
make the settings accurately; i.e., they were able to use the complex information avail-
able in this dynamic situation where they were required to stand erect (10, 11). In the
case of the normal observers, otolith information from the two head positions was inte-
grated to produce a setting close to the resultant force. The particular role played by
each sensory process is not made clear by these data. It is suggested, however, that
kinesthetic cues are probably of special importance. This notion is supported by a study
of the E-phenomenon under conditions of supported and unsupported tilt (12), By inter-
polation from the data, it was indicated that the E-phenomenon was about 3.5° for 20-
degree tilts with the observer supported and that this increased to about 5,6° when he
was required fo maintain his own body position.

It should be emphasized that the differences between this experiment and experiments
in which normal and L-D men show differences in the perception of the visual horizontal
are related to the following importances in methodology:

1. In this experiment the observer actively tilted his body from the waist and his
head from the shoulders rather than being passively tilted.

2, In the present experiment the observer was not supported in any way instead
of being firmly supported in position,
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3. The observer's feet were firmly planted on the floor which was set at the
resultant horizontal rather than sitting on a seat which was set at the
gravitational horizontal.

4, In the current experiment, observer viewed a collimated, luminous line of
light, but he was required to hold it in his hands rather than having the

device supported independently.

5. Observer perceived his body as being tilted away from the horizontal floor
of the room by his own effort whereas in the typical experiment on the

oculogravic illusion, he perceived the chair, floor, and his body to be
tilted outboard.

6. In this study there was no pressure against the outboard side of his body as
in the case of the supported, passive, apparent tilt,

The results of this experiment may be understood as a function of the complex,
dynamic interaction of the many inputs from tactual receptors of the feet, kinesthetic
receptors stimulated by the maintenance of bodily posture, and perhaps from other pro-
prioceptors. In Condition Il for normals, oftolith information and the nonotolith informa-
tion from the head and trunk were the same os in the typical experiment in which the
oculogravic illusion is observed. On the other hand, for both groups kinesthetic informa-
tion in maintaining bodily posture was present as were tactual cues from the feet. Transient
information was available from the semicircular canals at the time observer tilted his head
or body. Whereas in the situation in which the oculogravic illusion is observed there is
apparent tilt of the observer, the seat, and the floor, in the present experiment the in-
formation is merely that observer has tilted his body. The frame of reference for the
L-D men in this experiment was, therefore, quite different with a resulting difference in
the perception of the visual horizontal. It is particularly worth noting that in Condition
Il where their head and body were aligned with resultant force, the point-of-subjective-
horizontal was also rotated with the outboard segment downward. |t is suggested that this
may be explained by the fact that in this ambiguous situation, the outboard shoulder had
a somewhat greater weight which was disparate with respect fo the other information re-
garding the horizontal .



9.

10,

11,

12,

REFERENCES

Miller, E, F.,1l, Counterrolling of the human eyes produced by head tilt with
respect to gravity. Acta otolaryng., Stockh., 54:479-501, 1961.

Graybiel, A,, Oculogravic illusion. Arch, Ophthal., 48:605-615, 1952,

Graybiel,A ., and Clark, B., The validity of the oculogravic illusion as a specific
indicator of otolith function. Aerospace Med., 36:1173-1181, 1965,

Guedry, F. E., Jr., Psychophysiological studies of vestibular function. In: Neff,

W. D.(Ed.), Contributions to Sensory Physiology. Vol. 1. New York: Academic
Press, 1965, Pp 63-135.

Clark, B., and Graybiel, A, Perception of the visual horizontal in normal and
labyrinthine defective subjects during prolonged rotation. Amer, J. Psychol.,
in press, 1966.

McLeod, M, E., and Meek, J. C., A threshold caloric test: Results in normal
subiects, NSAM-834, NASA Order R-47. Pensacola, Fla.: Naval School
of Aviation Medicine, 1962,

Graybiel, A., and Fregly, A, R., A new quantitative ataxia test battery. Acta
otolaryng., Stockh., 61:292-312, 1966.

Winer, B, J., Statistical Principles in Experimental Design, New York: McGraw-
Hill, 1962,

Neal, E., Visual localization of the vertical, Amer. J. Psychol., 37:287-291, 1926,

Jones, G.M,, and Milsum, J.H., Spatial and dynamic aspects of visual fixation.
IEEE Trans, Bio-Med, Engineering, BME-12,54-62, 1965,

Schone, H,, On the role of gravity in human spatial orientation. Aerospace Med.,
35:767-772, 1964,

Werner, H., Wapner, S., and Chandler, K. A., Experiments on sensory tonic field
theory of perception: [I, Effect of supported and unsupported tilt of the body on
the visual perception of verticality. J. exp. Psychol., ‘12_:346-350, 1951,




i
i
|
|
i

Unclassified

Security Classification

DOCUMENT CONTROL DATA - R&D

(Security classification of title, body of ab. ct and ind: tion must be d when the 1! report ia classified)
1. ORIGINATING ACTIVITY (COM suthot) 2a. REPNORuEch'“TE C LASSIFICATION
. . F
U. S. Naval Aerospace Medical Institute UNC IFIED
- 2b. GROUP
Pensacola, Florida N/A

3. REPORT TITLE

INFLUENCE OF CONTACT CUES ON THE PERCEPTION OF THE
OCULOGRAVIC ILLUSION

4. DESCRIPYIVE NOTES (Type of report and inchusive dates)

N/A

5. AUTHOR(S) (Last name, firet name, initial)

Clark, Brant; Graybiel, Ashion

6. REPORY DATE 78 TOTAL NO. OF PAGES 7b. NO. OF REFS
5 August 1966 8 12
88. CONTRACT OR GRANT NO. 94 ORIGINATOR'S REPORT NUMBER(S)
NASA Order R-93
b PROJECT NO. NAM'—W6
MROO05,04-0021
€. 9b. OTHER :Jpom' NO(S) (Any other numbers that may be assigned
this repo:
d. 135

10. AVAILABILITY/LIMITATION NOTICES
Distribution of this document is unlimited.

11. SUPPL EMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

13. ABSTRACT

The purpose of this experiment was to study the influence of otolith and nonotolith informa-
tion in the perception of the visual horizontal during rotation. Five normal men and five men
with defective labyrinthine function acted as observers. All measurements were made in a room
which could be rotated. Initial, static measurements were made while the men stood erect in
the stationary room. Similar measurements were made during rotation while the observer stood
on a platform set to the resultant horizontal with head and body aligned with resultant force.
Data were also obtained with three other combinations of head and body position. This procedure
was designed fo produce two situations for the normal men in which otolith and nonotolith infor -
mation were synergistic and three others in which they were antagonistic. The results showed
that the perception of the visual horizontal during rotation in this situation is quite different
from that found when the observer is rigidly supported in a chair during rotation. Settings to the
visual horizontal during rotation were not systematically related to differences in head and body
position nor were there significant differences between the normal and L-D men. The resulfs
show that nonotolith information predominates in this experimental situation. Furthermore, the
data suggest that the spatial orientation of a pilot strapped in a cockpit may be somewhat
different from his spatial orientation when he is standing on a rotating space platform.

DD |52:‘:4 1473 Unchssiﬁed

Security Classification




Unclassified

Security Classification

14.
KEY WORDS

LINK A LINK B LINK C

ROLE ROLE wWT ROLE

Perception of the visual horizontal
Effects of rotation

Orientation

Oculogravic illusion

Gravitation

Synergistic cues

Antagonistic cues

Normals

Labyrinthine-defective men

INSTRUCTIONS

1. ORIGINATING ACTIVITY: Enter the name and address
of the contractor, subcontractor, grantee, Department of De-
fense activity or other organization (corporate author) issuing
the report.

2a. REPORT SECURITY CLASSIFICATION: Enter the over-
all security classification of the report. Indicate whether
‘‘Restricted Data’ is included. Marking is to be in accord-
ance with appropriate security regulations.

2b. GROUP: Automatic downgrading is specified in DoD Di-
rective 5200. 10 and Armed Forces Industrial Manual. Enter
the group number. Also, when applicable, show that optional
maré(ings have been used for Group 3 and Group 4 as author-
ized.

3. REPORT TITLE: Enter the complete report title in all
capital letters. Titles in all cases should be unclassified.
If a meaningful title cannot be selected without classifica-
tion, show title classification in all capitals in parenthesis
immediately following the title.

4. DESCRIPTIVE NOTES: If appropriate, enter the type of
report, e.g., interim, progress, summary, annual, or final.
Give the inclusive dates when a specific reporting period is
covered.

5. AUTHOR(S): Enter the name(s) of author(s) as shown on
or in the report. Enter last name, first name, middle initial.
If military, show rank and branch of service. The name of
the principal aythor is an ahsolute minimum requirement.

6. REPORT DATE: Enter the date of the report as day,
month, year; or month, year. If more than one date appears
on the report, use date of publication.

7a. TOTAL NUMBER OF PAGES: The total page count
should follow normal pagination procedures, i.e., enter the
number of pages containing information.

7b. NUMBER OF REFERENCES: Enter the total number of
references cited in the report.

8a. CONTRACT OR GRANT NUMBER: If appropriate, enter
the applicable number of the contract or grant under which
the report was written.

8b, 8, & 8d. PROJECT NUMBER: Enter the appropriate
military department identification, such as project number,
subproject number, system numbers, task number, etc.

9a. ORIGINATOR'’S REPORT NUMBER(S): Enter the offi-
cial report number by which the document will be identified
and controlied by the originating activity. This number must
be unique to this report.

9b. OTHER REPORT NUMBER(S): If the report has been
assigned any other report numbers (either by the originator
or by the sponsor), also enter this number(s).

10, AVAILABILITY/LIMITATION NOTICES: Enter any lim-
itations on further dissemination of the report, other than those

imposed by security classification, using standard statements
such as:

(1) ‘“Qualified requesters may obtain copies of this
report from DDC.’’

(2) ‘‘Foreign announcement and dissemination of this
report by DDC is not authorized.”’

(3) ‘‘U. S. Government agencies may obtain copies of
this report directly from DDC., Other qualified DDC
users shall request through

”

(4) “'U. S. military agencies may obtain copies of this
report directly from DDC, Other qualified users
shall request through

. »

(5) ‘“All distribution of this report is controlled. Qual-

ified DDC users shall request through

2]
>

If the report has been furnished to the Office of Technical
Services, Department of Commerce, for sale to the public, indi-
cate this fact and enter the price, if known.

11, SUPPLEMENTARY NOTES: Use for additional explana-
tory notes.

12. SPONSORING MILITARY ACTIVITY: Enter the name of
the departmental project office or laboratory sponsoring (pay-
ing for) the research and development. Include address.

13. ABSTRACT: Enter an abstract giving a brief and factual
summary of the document indicative of the report, even though
it may also appear elsewhere in the body of the technical re-
port. If additional space is required, a continuation sheet shall
be attached.

It is highly desirable that the abstract of classified reports
be unclassified. Each paragraph of the abstract shall end with
an indication of the military security classification of the in-
formation in the paragraph, represented as (TS), (S), (C), or (U).

There is no limitation on the length of the abstract.
ever, the suggested length is from 150 to 225 words.

How-

14. KEY WORDS: Key words are technically meaningful terms
or short phrases that characterize a report and may be used as
index entries for cataloging the report. Key words must be
selected so that no security classification is required. Identi-
fiers, such as equipment model designation, trade name, military
project code name, geographic location, may be used as key
words but will be followed by an indication of technical con-
text. The assignment of links, rales, and weights is optional.

Unclaossified

Security Classification




